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Resumen
Una manufactura con óptimos estándares de calidad está apuntalada por la 
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Abstract
Manufacturing with optimal quality standards is underpinned to the high reliabil-
ity of its equipment and systems, among other essential pillars. Maintenance Engi-
neering is responsible for planning control and continuous improvement of its 
critical equipment by any approach, such as Six Sigma. This is nourished by numer-
ous statistical tools highlighting, among them, statistical process control charts. 
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adapt to new needs as monitoring equipment and systems in the manufacturing 
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el. The t chart and adjusted t chart, with probabilistic control limits, are suitable 
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such as maintenance. In addition, literature limits the study of their performance to 
the analysis of the standard metric average run length, thus giving a partial view. 
The aim of this paper is to explore the performance of the t chart and adjusted t chart 
using three metrics, two unconventional. To do this, it incorporates the concept of 
lateral variability, in their forms left and right variability. Major precisions of the 
behavior of these charts allow to understand the conditions under which are suitable: 
if the main objective of monitoring lies in detecting deterioration, the t chart with 
adjustment is recommended. On the other hand, when the priority is to detect im-
provements, the t chart without adjustment is the best choice. However, the response 
speed of both charts is very variable from run to run.
Keywords: 
 maintenance
 reliability
 Weibull
 control charts with probabil-
ity limits
 t chart
 adjusted t chart
 ARL unbiased
 lateral variability
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Ingeniería Investigación y Tecnología, volumen XVI (número 1), enero-marzo 2015: 143-156 ISSN 1405-7743 FI-UNAM146
àȱ Ȭǯȱ ·ǰȱ ȱ ȱ Ǳȱ ȱ
ȱȱǻCumulative Quantity Control ChartǼȱ¢ȱȬȱ
ǻȱ¢ȱ	, ŘŖŖŜǼǯ
ȱȱȱȱȱ¢ȱȱ¡àǰȱȱȱ
ȱøȱ·ȱȱȱȱÇȱȱ-
ȱȱȱȱ¡ȱ¤ȱ¤ȱȱȱ-
àǯȱȱ ȱȱ ȱȱ ȱ ǻȱ Ǽȱ¢ȱȱ¡àȱȱ
cartas tr (trȱǼȱȱȱȱet alǯ ǻŘŖŖŘǼȱȱȱ
ȱȱȱȱęȱȱȱȱ¢ȱ
sistemas de una empresa a través de la media de la va-
ȱTBEȱ¢ȱȱȱȱȱȱ-
ȱȱȱàȱȱȱ¡ȱ
ȱǯȱȱȱȱȱȱȱǰȱȱ¤ęȱȱ-
ȱȱȱTBEǯȱȱǰȱȱȱ-
ta trǰȱ ȱȱ ȱ ȃȱ ȱ ȱ ȱ ȱ
àȱȱrȱȄǯȱȱȱȱȱ¡ȱȱ
¤ȱȱǰȱȱ£ȱ ·ȱȱ
ȱǻȱ¢ȱǰȱŘŖŗřǼǯȱȱȱǰȱ ȱ
ȱǰȱǰȱȱ¢ȱȱ¡ȱȱȱ
dentro de un grupo más general de cartas llamado car-
tas TBE (TBEȱǼȱǻȱet alǯǰȱŘŖŖŜǼǯ
'HVHPSHxRGHODVFDUWDVGHFRQWURO
ȱ ȱ ȱȱ ȱȱ ǰȱ ȱ ȱ
¡ȱ ȱÛȱȱ ·ȱȱ ȱȱ
de respuesta ante un corrimento Dȱȱȱ¤ǯȱȱ
métrica usual es la longitud de corrida promedio (LCPǼ, re-
ȱȱȱȱȱȱlongitud de corrida (LCǼȱ
ęȱǱ
LCȱȱȱƽȱȱȱ øȱȱȱȱęȱȱȱȱȱ 
ȱ ȱȱȱȱȱȱƾȱŖȱȱȱ¤Ȭ 
ȱ ȱȱȱȱȱȱȱȱ ȱȱǻŘǼ
LCPȱ ȱȱ àȱȱȱȱ ȱDǯȱ
ȱDȱƽȱŖǰȱLCPȱ ȱÇȱ ȱàȱLFAP para 
representar la longitud de falsa alarma promedioǰȱȱ-
ȱȱȱȱlongitud de falsa alarma (LFAǼǯȱȱ-
ȱ ¤ȱȱȱÛȱ ȱ¢ȱ ȱ ȱ
LFAP ¢ȱȱȱLCPȱȱȱȱȱȱȱȱ
·ǯ
ǰȱ ȱ ȱ LC está afectada 
ȱ ȱ ȱ ȱ ǻ¢ǰȱ ŘŖŗŗǲȱ	ȱ ¢ȱ
ǰȱŘŖŖŚǼȱȱȱȱȱȱȱȱLCPȱȱęȱ
ȱȱȱ ȱ ȱȱ ȱ ǰȱ ȱ
ȱȱàȱǯȱȱǰȱȱȱǰȱ
ȱ ȱ ȱ Ûȱ øȱ ȱ £ǰȱ
exclusivamente en el análisis de LCPǯȱ-
ǰȱ ȱøȱȱȱ ȱ¤ȱ¤ȱ-
ȱ¤ȱǯȱȱ¤ȱȱȱȱȱ
LCP con otras medidas de resumen de uso corriente en 
ȱ ȱ Çȱ ǻÛȱ¢ȱǰȱ ŘŖŖŖǲȱ ȱ¢ȱ
ǰȱŘŖŖŚǲȱȱet alǯǰȱŘŖŖŜǲȱǰȱŘŖŖŝǼǯ
ȱȱǰȱȱȱȱȱLCP apta 
para corridas cortas de producción fue propuesta por 
	ȱ ǻŘŖŖśǼǯȱ 	¤ęȱ ȱ ȱ
ȱȱ¢ȱ¢ȱǻŘŖŖśǼȱȱȱ¤-
ȱȱÛȱȱȱ£ǯȱ	ȱ¢ȱȱǻŘŖŖŚǼȱ
ęȱȱLCȱęȱȱȱȱàȱ¤-
ǯȱȱȱȱȱȱȱęȱȱȱ
consecutivos varía de un par a otro como en las cartas 
ǰȱǰȱȱ¢ȱȱ¡ǰȱȱȱȱȱȱȱ
·ǰȱȱ·ȱ (Average Time to SignalǼȱȱ-
ǲȱ ǰȱ ȱ ȱ ȱ ǰȱ ȱ ǻAverage 
Number InspectedǼȱȱȱȱȱ¢ȱȬȱ¢ȱ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et alǯǰȱŘŖŖŜǲȱȱet alǯǰȱŘŖŖŜǲȱȱ¢ȱ	ǰȱŘŖŖŞǲȱȱ
et alǯǰȱŘŖŖŗǼǯ
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LCPǼǯȱȱǰȱȱDȱƾȱŖǱȱLCPǰȱȱȱȱ
¢ȱ ȱàȱȱȱ Çȱ ǻȱLC superior a 
LCPǼǯȱȱàȱȱȱȱřȱȱ-
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ȱȱȱȱȱȱLCP sea inferior a LFAP 
para todo corrimiento DȱƾȱŖǯȱȱ·ȱ¤ęǰȱ-
ęȱ ȱ ȱ ȱ ȱ ȱ ȱ LCP tenga su 
máximo en DȱƽȱŖǯȱȱȱȱȱȱȱȱ
ȱ Ûȱ ȱ LCP no sesgada (ARL unbiasedǼȱ
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factor de ajuste a las líneas de control recurriendo a mé-
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ȱet alǯǰȱŘŖŖŜǼǯȱ
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monitorear la media de los tiempos TBE cuando se mo-
ȱȱȱàȱȱȱ-
ȱȱȱ¤ǯȱȱȱȱȱȱȱ
ȱȱȱ¤ȱȱȱÛȱ¤ȱ¤ȱ
de LCPǰȱȱàȱȱȱȱȱÇȱȱ-
ȱ ȱ ȱ ȱ ¡ȱ ǰȱ ȱ ȱȱ ȱ
ȱȱȱȱ¢ȱȱȱ-
rés por el uso de cartas de control en contextos más allá 
ȱ àǯȱ ¢ȱ ȱ ȱ -
miento de estas cartas permiten entender las condicio-
ȱȱȱȱȱǯ
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de los parámetros de forma Dȱ¢ȱȱEǯȱȱȱȱ
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de TBE a través de Eǰȱ¢ȱȱǰȱȱȱȱ
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das LCP ¢ȱLFAPȱȱȱȱȱȱ¢ȱȱȱȱȱ
ȱ ęǰȱ ȱ ȱ ȱ ȱ
ȱ ȱȱ et alǯȱ ǻŘŖŖşǼȱ ȱ ȱ ȱ
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¤ȱ ȱ Ǽȱ ȱ ȱ ȱ ¤ęȱ ȱ
ȱȱȱÛȱȱȱȱȱ
términos de cada una de las medidas de resumen pre-
ȱ¢ȱȱ¤ȱȱȱȱǯȱȱ
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¤ȱȱȱȱȱȱȱD 
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ȡȱ Los valores convenidos para D sonǱȱŗǰȱŘǰȱřǰȱŚǰȱŜȱyȱŞȱ
 
ȱ ȱȱȱęȱȱȱȱ-
ȱȱȱȱȱȱȱ¢ȱȱ¢Çȱ
ȱȱǯȱȱȱDȱƽȱŗȱȱȱȱ-
ȱȱȱ¡ǯ
ȡȱ Sea EŖ ƽȱ ŗ donde EŖ es el valor nominal de E cuando 
DȱƽȱŖǯ
ȱ ȱȱȱȱ·ȱȱǯȱȱ
ęȱȱǰȱȱTBEȱȱȱȱȱȱȱ
con parámetros Dȱ¢ȱEǰȱTBE/Eȱȱȱȱ-
ȱȱ¤ȱDȱ¢ȱEȱƽȱŗǯ
ȡȱ Sean μŖ y VŖ los valores nominales de la media y la des-
viación estándar de la variable TBE que se ajusta a un 
modelo de probabilidad Weibull con parámetros D y EŖ = 
ŗǱ
   ǻřǼ
 
ȱ ȱȱȱȱȱȱȱȱDǯ
ȡȱ Sea μ la media desplazada de TBE. Su forma de expresión 
usual es
 
     μ = μŖȱȱƸ Dȱ ǻŚǼ
 donde D = dVŖȱȱcon dȱƽȱŖǰȱrŖǯŘśǰȱrŖǯśŖǰȱrŗǰȱrŗǯśȱ¢ȱrŘǯ 
ȱȱȱΐȱȱȱȱD como de Dǯ
ȡȱ Los valores E desplazados toman la forma
   ȱ ȱ ȱ ǻśǼ
ߤ଴ ൌ ̆ ቀͳ ൅ ଵఈቁ   
ߪ଴ ൌ ට̆ ቀͳ ൅ ଶఈቁ െ̆
ଶ ቀͳ ൅ ଵఈቁȱ
Ŗ
Ŗ
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             ȱǻŚǼȱ¢ȱȱȱȱǻřǼȱȱȱEǯȱ 
ȱȱ¢ȱȱȱȱ
 Si DȱƽȱŖȱȱEȱƽȱΆŖȱƽȱŗȱȱ¢ȱȱΐȱƽȱΐŖȱ ȱ ǻŜǼ
ȱ ¤ǰȱȱDȱǁȱŖȱȱEȱǁȱŗȱ¢ȱΐȱǁȱΐŖǯȱǰȱȱ
términos de TBEǰȱȱȱȱȱȱȱ¤ȱ
ǰȱ ȱ ȱ ȱȱ ȱȱȱ-
ȱȱȱÛȱȱ ǯȱȱ ǰȱ ȱ 
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ȱȱÛǯ
ȡ Sea pŖȱƽȱŖǯŖŖŘŝȱsiendo pŖ la probabilidad dada por ǻŗǼȱ
 Se convino en tomar este valor estándar para mante-
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/tPLWHVGHFRQWUROGHODFDUWDWVLQDMXVWH
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estadístico de control es directamente TBEǰȱȱȱȱ
ǯȱȱȱȱȱȱȱȱȱ-
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alǯǰȱŘŖŖŘǼǯ
ȱ ¡àȱ ǻŗǼȱ ȱ ȱ ȱ àȱ ȱ TBE 
como sigue
pŖ = P(TBE > LS si DȱƽȱŖǼȱƸȱP(TBE < LI si DȱƽȱŖǼȱ ǻŝǼ
ȱȱǰȱȱȱȱȱȱ-
ȱǯȱȱǻŘŖŗŗǼȱȱ-
ȱȱȱȱ ȱȱ ȱȱÛȱ
con LCPȱ ǯȱȱȱ ǰȱȱȱȱ
ȱȱȱȱȱȱȱȱȱ-
ción de un factor de ajuste a los límites de control man-
ȱȱȱȱǻŝǼȱ
P(TBE > LS si DȱƽȱŖǼȱƽȱȱȱȱȱȱȱǻȱǀȱȱȱȱȱƽȱŖǼȱƽȱȱȱ ȱǻŞǼ
 TBEȱȱȱȱȱȱǰȱȱàȱȱ
àȱȱȱȱ
F(xǼȱƽȱP(TBEȱǂȱxǼȱȱƽȱȱŗȱȮȱȱȱ ȱ ȱ ȱ ǻşǼ
ȱȱȱǻŜǼȱ¢ȱǻşǼǰȱȱȱǻŞǼǯȱȱȱLS ¢ȱLI 
ȱ
ȱ ȱ ȱ ǻŗŖǼ
LCPHQODFDUWDWVLQDMXVWH
ȱȱȱȱȱȱȱȱ
ȱȱǰȱȱȱLCȱęȱȱǻŘǼȱȱȱ
ȱȱȱȱȱ·ȱȱ¤-
tro p ęȱȱȱȱȱȱD
p  =  Pǻȱȱ ȱȱȱȱȱÛȱȱȱ 
ȱȱȱȱȱȱȱȱȱȱǼ
     =  PǻȱǁȱLSǼȱȱƸȱȱP(TBE < LIǼ
ȱǻşǼ
ȱ£ȱLS ¢ LIȱȱǻŗŖǼ
   ǻŗŗǼ
ȱȱ£ȱ·ȱȱȱȱLC
   ǻŗŘǼ
ȱȱȱȱLCP depende de Dȱ¢ȱDǯ
LFAPHQODFDUWDWVLQDMXVWH
Si DȱƽȱŖǰȱȱǻŜǼȱȱ£ȱΆȱ ΆŖȱƽȱŗȱȱ
ǻŗŗǼȱ¢ȱȱȱp = pŖǯȱȱȱȱLCǰȱLFA se ajusta a 
ȱȱȱȱ·ǯȱǰȱ-
£ȱp por pŖ ȱǻŗŘǼǰȱȱȱȱȱȱ
ǻŗřǼǯȱ ȱ ȱ ȱ pŖȱ ƽȱ ŖǯŖŖŘŝǰȱ ȱ ȱ ȱ
ȱȱǻŗřǼǯȱȱęȱǰȱȱȱȱ-
ȱȱǰȱȱȱȱȱřŝŖȱȱ
ęȱȱȱȱøȱȱDȱƽȱŖǰȱ¤ȱȱ ȱ
ȱȱȱȱȱȱ¤ȱȱ ǯ
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/tPLWHVGHFRQWUROGHODFDUWDWFRQDMXVWH
ȱȱȱȱȱȱǰȱȱÇȱȱȱȱȱ
carta t con ajuste es directamente TBEǰȱȱȱȱ-
ǯȱȱ ȱ ȱȱ ȱȱȱȱȱ
ÛȱȱLCPȱȱǰȱȱȱȱ
Çȱ ȱȱ ȱ Çȱ ǻŗŖǼȱ ȱ ȱ ȱ
ǰȱȱȱf de ajuste:
      ǻŗŚǼ
donde qŖȱȱȱȱȱ¢ȱęȱȱ-
ȱȱȱ ȱ ȱ ȱ ȱȱ ȱȱ Ûȱȱ
ȱǯȱȱȱȱȱfȱȱȱȱȱ 
LCP alcance su máximo en DȱƽȱŖǰȱȱȱȱEŖȱƽȱŗȱǻ-
ma et alǯǰȱŘŖŖřǼǯȱȱ
   ȱ ǻŗśǼ
ȱøȱȱ ȱ fȱ ȱȱ ȱ àȱȱ
ǻŗśǼǯȱȱǰȱȱȱȱLCP se exprese en fun-
ción de EǯȱȱȱLC de la carta t con ajuste sigue 
·ȱ ȱ ȱ ȱ ȱ ·ȱ ȱ
parámetro q ęȱȱȱȱD por: 
q  =  PǻȱȱȱȱȱȱȱÛȱȱǼ
    =  P(TBE > LSǼȱȱƸȱȱP(TBE < LIǼ
ȱǻşǼ
  
ȱ£ȱLS ¢ȱLI  ȱǻŗŚǼȱ¢ȱȱ
      ǻŗŜǼ
ȱȱ£ȱ·ȱȱȱȱLC
   
ȱȱȱȱȱøȱ¡ȱȱ-
ȱǻŗśǼǯȱȱȱfȱȱȱǻŗŝǼǯȱȱ-
terios clásicos de análisis matemático como el de la 
ȱǰȱȱȱȱLCP presenta su 
máximo en EŖȱƽȱŗǯ
   ǻŗŝǼ
/&3HQODFDUWDWFRQDMXVWH
ȱ ȱ ¡àȱ ǰȱ ȱ ȱ £ȱ
·ȱȱȱȱLC
   
donde qȱ¤ȱȱȱǻŗŜǼǯȱȱȱȱȱȱȱȱ
ȱǰȱLCP depende de Dȱ¢ȱDǯȱ
LFAPHQODFDUWDWFRQDMXVWH
Si DȱƽȱŖǰȱȱȱȱǻŜǼȱȱ£ȱΆȱ ΆŖ = 
ŗȱ¢ȱfȱȱǻŗŝǼȱȱǻŗŜǼǯȱȱȱq = q Șǰȱȱȱ
ȱȱȱȱȱȱȱȱȱȱÛȱȱȱ
alarma dada por:
   ǻŗşǼ
ȱȱ£ȱ·ȱȱLFA ¢ȱ£ȱq 
ȱǻŗşǼȱȱǻŗŞǼȱȱ
  ȱ ǻŘŖǼ
ǰȱ ȱ àȱ ȱ ȱ ȱ
ȱȱȱ ǯȱȱȱȱ ȱȱ
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ȱȱȱȱȱȱȱ¢ȱȱȱȱȱȱȱ
ǰȱȱǻŗşǼȱȱȱȱq* ƾȱqŖǯȱȱęȱǰȱ
øȱęȱ ȱ ȱȱ qŖ de falsa 
ȱȱŖǯŖŖŘŝȱȱȱȱȱȱȱǰȱȱ-
ȱȱȱȱȱȱȱȱȱȱȱȱ
alarma (q* ǼȱęȱȱŖǯŖŖŘŝǯȱǰȱȱǻŘŖǼȱȱȱ
LFAPȱƾȱřŝŖǯřŝǰȱȱȱȱȱȱȱȱȱ¢ȱȱ
ȱȱȱȱȱȱęȱpŖȱ¢ȱqŖ en el 
ȱȱȱȱ ȱLFAP ȱȱ ȱ ȱ
ǯ
ǰȱȱǻŗşǼȱȱȱȱq* es una 
àȱȱȱ qŖǰ pero no de Dǯȱȱȱ
ȱȱȱȱęȱ·-
camente el valor de qŖǯȱȱàȱȱȱęȱqŖ 
ȱȱȱȱȱȱq*ȱƽȱŖǯŖŖŘŝǯȱȱ-
sa expresión de q*ȱȱǻŗşǼȱȱȱȱȱ·-
ȱ ȱ ȱ ¢ȱ ȱ øȱ software adecuado 
ȱȱȱ
Ǳ
ȱ£ȱq*ȱƽȱŖǯŖŖŘŝȱȱȱ
                         qŖȱƽȱŖǯŖŖřŝŘŗŘŗřřŝŞ

LFAP  =         = řŝŖǯřŝȱȱȱȱ¢ȱȱȱȱȱȱȱȱȱȱ
     
       qŖȱȱƽȱȱŖǯŖŖřŝŘŗŘŗřřŝŞȱ ȱ ȱ ǻŘŗǼ
'HVHPSHxRGHODVFDUWDV
ȱÛȱȱȱȱȱàȱȱȱ-
Çȱȱȱȱet alǯ ǻŘŖŖşǼȱȱ-
templa el uso de una terna de medidas de resumen 
ȱȱȱǰȱȱȱȱ-
ȱȱ¢ȱȱàǰȱȱȱȱ-
ȱȱǻDȱƽȱŖȱ¢ȱDȱƾȱŖǼǰȱȱȱȱȱȱ
ȱȱȱȱȱàǯ
ȱȱȱȱLCȱ¢ȱLFA ȱǰȱȱȱ
de LCPȱ¢ȱLFAPȱȱøȱȱȱÛȱȱ
ȱǰȱȱęǯȱȱęȱȱàȱ
ȱȱȱǰȱ·ȱȱȱÇȱ
ȱȱȱȱǰȱȱȱȱȱ
ȱȱàȱ¤ȱ¢ȱȱȱȱȱǯȱ
ȱ ǰȱ ȱ ęȱȱàȱ (VT) de LC o 
LFA no es una medida completamente adecuada para 
evaluar la dispersión en la velocidad de respuesta de 
ȱǰȱȱȱLC ¢ȱLFA presentan una acentuada 
Çǯȱȱ ȱ ȱǰȱȱ et 
al. ǻŘŖŖşǼȱȱȱȱ ęȱVT puede ser 
descompuesto en dos componentes discriminando las 
LFA inferiores a LFAP de las superiores si DȱƽȱŖǯȱ-
ǰȱȱDȱƾȱŖǰȱȱȱLC inferiores a LCP de las 
superiores:
V T Ř = PCC * V I 2ȱƸȱPCL * V DŘȱȱ ȱ ǻŘŘǼ
donde
PCC = proporción de corridas más cortas (más tempra 
ȱȱȱȱȱȱȱȱǼȱ LCP (o LFAP) 
PCLȱƽȱàȱȱȱ¤ȱȱǻ¤ȱÇǼȱ 
ȱȱȱȱȱȱȱ LCP (o LFAP)
ȱƸȱȱƽȱŗ
VIȱȱȱȱƽȱȱȱȱęȱȱàȱȱ 
ȱȱȱȱȱȱȱȱ£ȱ LCP (o LFAPǼ
VD   = ȱȱȱęȱȱàȱȱ 
ȱȱȱȱȱȱȱȱȱȱ LCP (o LFAPǼ
,PSRUWDQFLDGHODVYDULDELOLGDGHVODWHUDOHV
VHJ~QHOHVWDGRGHOSURFHVR
ȱȱȱ£ȱ·ȱȱȱȱLFA ¢ȱ
LCǰȱȱȱȱȱ¢ȱȱ-
les proporciones a VT ¢ȱȱȱȱȱ-
ȱȱȱȱ ǻDȱ ƽȱ Ŗȱ¢ȱDȱ ƾȱ ŖǼȱ ȱ ȱ ȱȱ
ȱȱȱȱȱ¢ȱȱǯȱȱȱȱ-
ȱȱȱVT ȱȱǯȱȱȱ
ȱǰȱȱȱȱ¤ȱęȱǰȱȱȱȱ
respecta a LCP ¢ LFAPǰȱ¢ȱȱLFAP si DȱƽȱŖȱ¢ȱȱ
es LCP si DȱƾȱŖǰȱȱǱ
ȡ Si D = 0, las corridas con longitudes superiores a 
LFAP ¢ȱȱȱVT ·ǯȱȱ
ȱȱȱVD sea grande no es motivo de preocu-
àǯȱVIȱȱȱøȱȱȱ-
ȱȱȱVT,ȱȱȱȱȱȱ
corridas con longitudes inferiores a LFAPǯ
ȡ Si D ƾ 0ǰȱȱàȱȱȱȱǯȱȱȱȱ
longitudes inferiores a LCPȱȱǯȱǰȱ
ȱȱȱȱVI ȱȱȱȱȱǯȱVD 
ȱȱøȱȱȱȱȱ
incrementa VT,ȱ ȱ ȱ ȱ ȱ ȱ ȱ
con longitudes superiores a LCPǯ
0HGLGDVGHUHVXPHQSDUDHYDOXDUHOGHVHPSHxR
GHXQDFDUWDGHFRQWURO
ȱȱ£ȱȱ¢ȱǰȱȱDȱƽȱŖǰȱLFAPȱ¢ȱ
VI son indicadores adecuados para evaluar el desempe-
Ûȱ ȱ ȱ ǯȱ ȱ ǰ LCPȱ ¢ȱVD son aptos para 
DȱƾȱŖǯȱȱȱȱȱȱȱ
ŗ
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anterior con PCC para evaluar el grado de incidencia de 
valores altos de VIǯȱ¤ǰȱȱDȱƾȱŖǰȱȱȱ
se completa con PCL para evaluar el grado de inciden-
cia de valores altos de VD.ȱȱǰȱȱȱȱ
ÛȱȱȱǰȱȱȱȱǱȱ
ȡȱ LFAPǰȱVIȱ¢ȱPCC para DȱƽȱŖ
ȡȱ LCPǰȱVDȱ¢ȱPCL para cada corrimiento DȱƾȱŖ
ȱȱ¤ȱȱÛȱȱ¢ȱȱȱ
LFAP ¢ȱȱȱȱȱȱȱȱȱȱȱ
de valores Dȱ ȱ ·ǯȱ ¤ȱ ȱ ȱ ȱ ȱ
 ǰȱȱ ȱȱ ȱȱȱ -
ȱȱȱǯȱǰȱȱLFA como LC si-
ȱ ȱ ȱ ȱ ȱ ·ǯȱ ȱ
ÇǱ
 
donde 
X = LFA o LCȱøȱȱDȱƽȱŖȱȱDȱƾȱŖǰȱ
S  = pŖ o q*ȱȱȱȱȱȱȱȱȱǰȱȬ 
  tivamente si X = LFA
S  = p o qȱȱȱȱȱȱȱȱȱȱǰȱ 
  vamente si X = LC
ǰȱ ȱ àȱ ȱ àȱ ȱ ȱ ȱ
ȱęȱȱȱàȱ·Ǳ
    ǻŘřǼ
donde [xǾǰȱȱȱȱxǯȱ
ȱ ¡ȱ ȱ ȱ ȱ ȱ ȱ -
puestas surgen a partir de la demostración de la igual-
ȱ ǻŘŘǼȱ ȱ ȱ ȱ ȱ ȱ et alǯ ǻŘŖŖşǼȱ ǻȱ
operador P(·)ȱęȱǼǱ
ȡ Si DȱƽȱŖǱ
 PCCŖ = P (LFA < LFAPǼȱȱ ȱ ǻŘŚǼ
ȱȱ ȱ ȱ ǻŘśǼ
ȱȱȱǻŘśǼȱȱȱàȱ¤ȱȱȱ£-
ȱȱLFAPǯ
ȡ Si DȱƾȱŖǱ
  PCL = P(LC > LCPǼȱ ȱ ǻŘŜǼ
      
ǻŘŝǼ
ȱȱȱǻŘŝǼȱȱȱàȱ¤ȱȱ-
ȱȱLCPǯȱ
PCC0SDUDD 0
ȱȱȱȱǻŘŞǼȱȱęȱȱȱȱǻŘŚǼȱ
ȱ ȱ ȱ ǻŘřǼǯȱȱ ǻŗřǼȱ ¢ȱ ǻŘŗǼǰȱLFAPȱ ƽȱ řŝŖǯřȱ
ȱȱǯȱȱȱǰȱpŖ = q* ƽȱŖǯŖŖŘŝȱǻȱ
¢ȱȱȱęȱq0ȱȱŖǯŖŖřŝŘŗŘŗřřŝŞǼǯȱǰȱȱȱ
ȱȱȱǻŘŞǼǯ
     ǻŘŞǼ
ȱΔȱƽȱpŖ o q* øȱȱȱȱȱȱt sin o con 
ǰȱ.
VI0SDUDD 0
ȱǻŗřǼǰȱǻŘŗǼȱ¢ȱǻŘŞǼǰȱLFAPȱƽȱřŝŖǯřŝȱ¢ȱPCC0ȱƽȱŖǯŜřŗŘȱȱ
ȱ ǯȱ ȱ ȱ ȱ ·ȱ ǻŘśǼȱ
con el softwareȱ
ǰȱȱǱ
VIŖȱƽȱŖǯŜŚŜŗ
3&/SDUD'ƾ0
ȱȱȱǻŘřǼǰȱǻŘŜǼȱȱȱ
ȱȱȱ ȱ ȱ ȱ ȱ ǻŘşǼ
donde S = p o q øȱȱȱȱȱȱt sin o con ajus-
ǰȱ . ȱ ȱȱȱPCL de-
pende de Dȱ¢Dǯ
9'SDUD'ƾ0
ȱȱǻŘŝǼȱęȱȱVD, involucra el engorroso cálculo 
ȱȱ ȱ ęǯȱȱ ȱ¤ȱ ȱ ȱ
despejar VDȱȱǻŘŘǼ
   ǻřŖǼ
ȱȱLCȱȱȱȱ·ȱȱ¤ȱ
ΔǰȱȱȱȱŗȦΔȱ¢ȱȱàȱ¤ǰȱȱȱȱȱȱȱȱȱȱȱȱȱǯȱ
ǰȱȱęȱȱàȱȱVT es
ŗǻ Ǽ ǻŗ ǼxP X x S S   
  [ ]ǻ Ǽ ŗ ǻŗ Ǽ xF x P X x S d   
ǽ ŗǾ
Ŗ ŗ ǻŗ Ǽ ŖǯŜřŗŘ
LFAPPCC S     
Ř Řǻŗ ǼVT VIVD
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   
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VT =             con S = p o q para la carta sin ajuste o con 
ǰȱ
ȱ¡àȱȱVI surge a partir de la demostración de 
ȱȱǻŘŘǼȱȱȱȱȱȱet alǯ ǻŘŖŖşǼǱ
ȱȱȱPCLǰȱȱȱȱȱȱȱVD de-
pende de Dȱ¢ȱDǯȱ
*UiILFRV
ȱȱȱȱȱ¤ȱȱLCPǰȱPCLȱ¢ȱVD 
ȱȱȱȱȱǻŗŘǼǰȱǻŗŞǼǰȱǻŘşǼȱ¢ȱǻřŖǼȱȱ-
ȱ£ȱȱȱȱȱȱǻDǰDǼȱȱDȱƾȱŖǰȱ
ȱȱȱàȱȱȱǯȱȱ
ȱȱȱȱȱȱ¢ȱȱ
ȱ ȱ ¤ȱ ȱ ȱ ǰȱ ȱ ȱ
¤ęȱǯȱȱȱęȱŗǰȱŚȱ¢ȱśȱȱȱ
ȱȱȱȱȱȱȱǯȱȱȱęȱŘǰȱȱ
de LCPȱȱȱȱȱȱǯȱȱȱȱ-
ǰȱȱęȱȱǱ
LCP con ajuste / LCPȱȱȱǻęȱřǼȱ
VD con ajuste / VDȱȱȱǻęȱŜǼȱ¢ȱ
PCL con ajuste / PCLȱȱȱǻęȱŝǼ
'LVFXVLyQ\DQiOLVLVGHUHVXOWDGRV
Para DȱƾȱŖǰȱȱȱȱȱÇȱȱȱȱȱȱ
ȱȱȱȱȱȱęȱŗȱ¢ȱŘǯȱȱȱȱȱ
ȱȱǻęȱŗǼǰȱȱÛȱȱȱ-
po o sistema (DȱǀȱŖȱ¢ȱÛǼǰȱLCP ȱę-
cativamente al valor LFAPȱȱȱřŝŖȱǯȱ
ȱ ęȱ ǰȱ ȱ Ûȱ ǰȱ ȱ ȱ
ȱ¤ȱȱȱȱÛȱȱȱȱȱ-
ǯȱ ȱ ȱ ęȱ Řǰȱ ȱ ȱ ȱ ȱ ȱ ǰȱ
mantiene a LCPȱȱȱȱȱǰȱ ȱ
sean Dȱ¢ȱDǯ
ȱ£ȱ·ȱȱȱȱǰȱȱ
valores Dȱȱȱȱȱȱǰȱȱ
LCPȱȱȱȱęȱęǰȱ-
ȱȱȱȱȱȱȱȱȱȱ¢ȱȱ
¢ȱȱDȱǀȱŖǯȱȱęȱǰȱȱȱȱȱ
Dǰȱȱȱȱȱ¤ȱȱȱȱ
ȱȱǯȱȱǰȱȱ-
ȱȱ£ȱȱȱȱȱ
de Dǯȱȱȱ¤ȱǰȱȱ ȱ¢Çȱȱ ȱ
corrimientos Dǰȱ ȱ ȱLCPȱ ȱ ȱ ȱ ȱęȱ
ęȱȱȱȱDȱ ȱǰȱȱ ȱ-
ȱȱȱǯ
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LCP carta Weibull con ajuste
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ȱȱȱLCP en la carta t con ajuste varía 
øȱȱȱȱDȱǻęȱřǼǯȱȱDȱǀȱŖȱǻǼǰȱȱ
ȱǰȱęȱ¤ȱǰȱ
¤ȱ¤ȱȱȱȱȱȱǯȱȱLCP es aproxi-
ȱŚŖƖȱȱȱȱȱȱȱǯȱ
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